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ABSTRACT OF THE DISCLOSURE 
Catalytic hydrogenation of the hydrogenatable unsatu 

rated bonds of polymer in a viscous solution form with 
hydrogen by using a three component catalyst consisting 
of 
( 1) at least one kind of an unsaturated hydrocarbon 

selected from the group consisting of an ole?nically un 
saturated, hydrocarbon and an acetylenically unsatu 
rated hydrocarbon, 

(2) at least one kind of an organic compound of the 
metal selected from the group consisting of nickel, co 
balt and iron and 

(3) at least one kind of a metal compound reducing 
agent. 

The present invention relates to a new hydrogenation 
catalyst consisting of three catalytic components and a 
process for hydrogenating polymers by the use of said 
catalyst. 

In order to hydrogenate unsaturated bond of polymers 
efficiently by the use of an ordinary heterogeneous re 
duced metal catalysts such as Raney nickel and nickel 
kieselguhr, it is necessary to use a large amount of cata 
lysts, a high reaction temperature of from 150° to 200° 
C. or higher and a high hydrogen pressure, because a 
solution of polymers is highly viscous compared with that 
of low molecular weight monomers. Such a process has a 
further disadvantage wherein these high temperature hy 
drogenation conditions cause the degradation of the poly 
mers. Further, these heterogeneous catalysts are not suit 
able for hydrogenation of polymers, because they are 
easily poisoned by impurities ‘which are di?icult to be re 
moved from and further it is very di?icult to remove such . 
a heterogeneous catalyst residue from hydrogenated poly 
mers. 

It is an object of this invention, therefore, to provide 
a new, stable catalyst having unusual high activity suitable 
for the hydrogenation of polymers in a viscous solution 
form. 
Another object of the invention is to provide a new 

process for hydrogenating polymers in a viscous solution 
form. 
A further object of the invention is to provide new hy 

drogenated polymers suitable for manufacturing the rub 
ber articles. 

‘Other and further objects of the invention will be 
come apparent to those skilled in the art upon considera 
tion of the accompanying disclosure. 
We have found that an extremely small amount of 

soluble catalyst consisting of (1) an ole?nically or acetyl 
enically unsaturated hydrocarbon, (2) an organic com 
pound of nickel, cobalt or iron and ( 3) a metal compound 
reducing agent can effect the hydrogenation of polymers 
in a viscous solution form partially or completely under 
a mild condition, for example, at near room temperature 
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and under atmospheric pressure of hydrogen, and that the 
three components catalyst of the present invention is stable 
for a long time and easily removed from the hydrogenated 
polymers. 
The present invention provides a process for the cata 

lytic hydrogenation of polymers, which comprises reacting 
the hydrogenatable unsaturated bonds of the polymers 
in a viscous solution form with hydrogen by the use of 
a three components catalyst consisting of ( 1) an unsatu 
rated hydrocarbon selected from the group consisting of 
an ole?nically unsaturated hydrocarbon and an acetyleni 
cally unsaturated hydrocarbon, (2) an organic compound 
of the metal selected from the group consisting of nickel, 
cobalt and iron and ( 3) a metal compound reducing agent. 
The catalyst used in the process of the present inven 

tion is soluble in a viscous solution of the polymers to 
be hydrogenated and is stable for a long period of time 
at such a high temperature that the viscosity of the poly 
mer solution decreases and further that the thermal de 
gradation of the polymer does not occur substantially. 
Moreover the catalyst can effect a selective hydrogena 
tion of ole?nic unsaturations under a mild condition. The 
process of the present invention is therefore suitable for 
the selective hydrogenation of the ole?nically unsaturated 
bonds of the polymers and further is preferably utilized 
in a continuous hydrogenation process. 
The ?rst component of the catalyst is an unsaturated 

hydrocarbon having at least one ole?nically or acetyl 
enically unsaturated bond. The unsaturated hydrocarbons 
include monoole?ns, diole?ns, polyole?ns, cycloole?ns, 
acetylenes, unsaturated hydrocarbons having more than 
one kind of unsaturated bonds described above and 
their mixtures. Unsaturated hydrocarbons having at least 
one carbon-carbon unsaturated bond per 10 carbon atoms 
of the molecule are preferred in the present invention. 
Hydrocarbons which have only aromatic nuclei and have 
no ole?nically or acetylenically unsaturated bond are not 
included in the catalytic component of the present in 
vention. 
Examples of monoole?ns include ethylene, propylene, 

cis-Z-butene, trans-Z-butene, 2-methylbutene-1, 2-methyl 
butene-2, l-pentene, Z-pentene, l-hexene, l-heptene, l 
octene, isooctene, styrene, vinyltolene and the like. Mono 
ole?ns having more than 10 carbon atoms tend to form 
a less active hydrogenation catalyst. Examples of diole?ns 
include 1,3-butadiene, isoprene, 1,3-pentadiene, 1,7-octa 
diene and the like. Examples of cycloole?ns include cyclo 
hexene, 4-methylcyclohexene, cyclooctene, 1,5-cycloocta 
diene, cyclopentadiene, dicyclopentadiene, cyclododecatri 
ene and the like. 

Examples of acetylenes include acetylene, methyl 
acetylene, ethylacetylene, phenylacetylene and the like. 
Examples of unsaturated hydrocarbons having more 

than one kinds of unsaturated bonds include 4-vinyl 
cychlohexene-l, vinylacetylene, divinylacetylene and the 
like. 

Mixtures of any of above described ole?nically or ace 
tylenically unsaturated hydrocarbons may be used. 
The gaseous unsaturated hydrocarbon is used as the 

solution of an inert solvent and the solution is preferably 
dehydrated before use. 
The second component of the catalyst is an organic 

compound of the transition metal such as nickel, cobalt 
or iron. The organic compounds of which organic radicals 
are attached to the metal through oxygen are preferably 
used. Among those one of preferable compounds is a 
metal carboxylate having the formula '(R'COO)n'M’, 
wherein M’ is a metal selected from the group consisting 
of nickel, cobalt and iron, R’ is a hydrocarbon radical 
having 1 to 50 carbon atoms, preferably from 5 to 30 
carbon atoms and n’ is a valence number of M’. These 
metal carboxylates include nickel, cobalt and iron salts of 
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hydrocarbon aliphatic acid, hydrocarbon aromatic acid 
and hydrocarbon cycloaliphatic acid. Examples of hydro 
carbon aliphatic acids include a hexanoic acid, a heptanoic 
acid, an octanoic acid, a nonanoic acid, a decanoic acid, 
a dodecanoic acid, a myristic acid, a palmitic acid, a 
stearic acid, a dodecenoic acid, an oleic acid, a linoleic 
acid, a rhodic acid and the like. Examples of hydrocarbon 
aromatic acid include benzoic acid and alkyl-substituted 
aromatic acids in which alkyl has from 1 to 20 carbon 
atoms. These include t-butyl, 2-ethylhexyl-, dodecyl-, and 
nonylbenzoic acids and the like. Examples of cycloali 
phatic acids include naphthenic acid, cyclohexylcarboxylic 
acid, abietic type resin acid and the like. Commercially 
available metallic soaps such as naphthenic acid salts, 
resin acid salts, linoleic acid salts, oleic acid salts, stearic 
acid salts and tall oil salts may be used. 

Other preferable organic compounds are metal chelate 
compounds. Asv the chelating groups which can chelate 
with the metal such as nickel, cobalt or iron, ?-ketones, 
u-hydroxycarboxylic acids, ?-hydroxycarboxylic acid and 
?-hydroxycarbonyl compounds may be used. Examples of 
the ,B-ketones include acetylacetone, 1,3-hexanedione, 3,5 
nonandione, methyl acetoacetate, ethyl acetoacetate and 
the like. Examples of the oz-hydroxycarboxylic acids in 
clude lactic acid, glycolic acid, u-hydroxyphenylacetic 
acid, a-hydroxy-u-phenylacetic acid, a-hydroxycyclohexyl 
acetic acid and the like. Examples of the B-hydroxycar 
boxylic acids include salicyclic acid, alkyl-substituted sali 
cyclic acid, and the like. Examples of the ?-hydroxycar 
bonyl compounds include salicylaldehyde, o-hydroxy 
acetophenone and the like. Examples of the metal chelate 
compounds having above described chelating groups in 
clude bis ( acetylacetone ) nickel, tris ( acetylacetone ) cobalt, 
bis(ethyl acetoacetate)nickel, bis(ethyl acetoacetate) 
cobalt, bis(3,S-diisopropylsalicyclic acid)nickel, bis(sali 
cylaldehyde)nickel, bis(salicylaldehyde)cobalt and the 
like. 

In addition to the above described organic compounds, 
metal sulfonates may be used. Nickel, cobalt and iron 
salts of benzene sulfonic acid, p-toluene sulfonic acid and 
alkyl-benzene sulfonic acids such as dodecylbenzene sul~ 
fonic acid are preferably used. 
To obtain the catalyst with unusual high activity char 

acterizing the present invention, transition metal com 
pounds dehydrated and soluble in an inert solvent are 
preferably used. A great number of transition metal 
compounds having different organic radicals as described 
above can be used in almost similar effectiveness as the 
catalytic component of the invention, when the kind of 
metal is same and the amount of metal used is same. 
The third component of the catalyst is a metal com 

pound reducting agent. An organometallic compound or 
a hydride of the metal of Group 1, 2 or 3 may be used. 
The organometallic compounds having the formula of 
MRn, wherein M is a metal selected from the group 
consisting of lithium, magnesium and aluminium, R is 
selected from the group consisting of hydrocarbon radical 
having from 1 to 12 carbon atoms, hydrogen and an 
alkoxy radical having from 1 to 12 carbon atoms and n 
is the valence number of M, are preferably used. 
The hydrocarbon radical includes an alkyl, aryl, 

alkaryl, aralkyl and cycloaliphatic group. Examples of 
such radicals include methyl, ethyl, n-propyl, i-propyl, 
n-butyl, i-butyl, sec-butyl, t-butyl, pentyl, hexyl, heptyl, 
octyl, nonyl, decyl, dodecyl, phenyl, benzyl, tolyl, cyclo 
pentyl, cyclohexyl, cyclohexenyl and naphthyl radicals. 
The group combined to oxygen in the alkoxy radical is 
exempli?ed as described above too. 
Examples of such organometallic compounds include 

ethyllithium, n-propyllithium, n-butyllithium, i-butyllithi 
um, sec-butyllithium, t-butyllithium, n-pentyllithium, phe 
nyllithium, diethylmagnesium, di-n-propylmagnesium, di 
n-butylmagnesium, diphenylmagnesium, triethylalumin 
ium, tri-n-propylaluminimum, triisopropylaluminium, tri 
n-butylaluminium, triisobutylaluminium, triamylalumin 
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4 
ium, trihexylaluminimum, trioctylaluminimum, tridode 
cylaluminium, diethylisobutylaluminimum, diethyloctyl 
aluminium, tricyclohexylaluminium, triphenylaluminium, 
didodecylaluminiumhydride, diisobutylaluminiumhydride, 
diethylaluminiumethoxide, dibutylaluminiumbuthoxide 
and their mixtures. In addition to the above mentioned 
compounds, the organometallic compounds and the metal 
hydrides having two kinds of metals such as lithium 
aluminiumtetrabutyl, lithiumaluminiumhydride and sodi— 
umborohydride may be used. 
The catalyst of the present invention may be obtained 

by mixing three catalytic components hereinbefore men 
tioned under an inert atmosphere not containing hydro 
gen. When the catalyst is prepared in an atmosphere con 
taining hydrogen, the obtained catalyst is unstable. The 
atmosphere of nitrogen, argon or helium is preferably 
used. When three components of the catalyst are mixed 
in an inert solvent, colour of the organic compound of 
nickel, cobalt or iron turns to brown or black and a new 
reaction complex is obtained and we have now found that 
this complex is an excellent hydrogenation catalyst. The 
reaction complex is soluble in a viscous polymer solution 
and can make most homogeneous contact with polymers 
and hydrogen and therefore the hydrogenation proceeds 
rapidly under a mild condition, for example, at near room 
temperature and under atmospheric pressure of hydro 
gen. Accordingly, the catalyst of the present invention is 
not deposited from the solution of the polymer to be hy 
drogenated containing the catalyst obtained by the proce 
dure of the invention by ultracentrifugation. It is prefer 
able to dilute the catalytic components in the catalyst 
preparation to avoid unusual elevation of temperature. 
The mixing order of three catalytic components of the 

present invention is very important to obtain the catalyst 
with the highest activity. When the catalyst is prepared 
in an inert solvent at a temperature of from 0° to 100° 
C., an organic compound of nickel, cobalt or iron is 
preferably mixed with a metal compound reducing agent 
in the presence of a hydrocarbon having ole?nically or 
acetylenically unsaturated bonds. The catalystobtained 
by such mixing order has both high activity and high 
stability for a long period of time, even when the catalyst 
is prepared at a temperature as high as about 80° C. On 
the contrary, the catalyst having the highest activity can 
not be obtained by adding the ole?nically or acetylenically 
unsaturated hydrocarbon to the product obtained by re 
acting the transition metal compound with the metal 
compound reducing agent at a high temperature. In this 
case, the catalytic activity decreases rapidly as the mixing 
temperature increases. 
When the catalyst is prepared in an inert solvent at a 

temperature of from —100° to 0° C., the transition 
metal compound is preferably mixed with the metal com 
pound reducing agent at a temperature of from —100° 
to 0° C. and then the obtained mixture is mixed with an 
ole?nically or acetylenically unsaturated hydrocarbon at 
a temperature not higher than the temperature when the 
transition metal is mixed with the metal compound re 
ducing agent. When the three catalytic components are 
mixed at the same time in this case, a long time is re 
quired for the formation of the catalyst although the 
obtained activity of the catalyst is almost same. 
The applicant has proposed that the reaction product 

obtained by mixing the transition metal compound and 
the metal compound reducing agent in the absence of 
the unsaturated hydrocarbon may be used as ‘the hydro 
genation catalyst too, if the reaction condition of the 
catalyst preparation is limited. But the activity and 
stability are considerably inferior to the catalyst obtained 
from three catalytic components of the present invention. 
Namely, the transition metal compound is reacted with 
the metal compound reducing agent in the absence of the 
unsaturated hydrocarbon in an inert solvent at a tem 
perature above 0° C., the reaction product is very un 
stable and must be used as the catalyst as soon as pos‘ 
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sible. Otherwise, the activity as the hydrogenation catalyst 
decreases rapidly. This tendency becomes more and more 
conspicuous as the mixing temperature becomes higher 
and is most remarkable when the aluminium containing 
reducing agent and the organic compound of which or 
ganic radicals are attached to the metal through oxygen 
are used. For example, the reaction product obtained 
by mixing nickel naphthenate with triethylaluminium in 
toluene at 80° C. had activity too low to be used as the 
hydrogenation catalyst after 1 hour. On the contrary, 
the three component catalyst of the present invention 
maintains unusually high activity for a long time (more 
than 1 hour). . 
As the temperature is higher, the viscosity of the 

polymer solution decreases remarkably and hydrogen can 
contact with the polymer solution more easily, and then 
the reaction rate of the hydrogenation becomes faster. 
Therefore, in the case of the hydrogenation of polymers 
in a viscous solution form, it is preferable to effect the 
hydrogenation at a higher temperature than 0° C., so 
far as the degradation of the polymeric chain does not 
occur substantially. However, when the transition metal 
compound is mixed with the metal compound reducing 
agent in an inert solvent without adding the unsaturated 
hydrocarbon at a temperature below 10° C., the obtained 
reaction product has activity as the hydrogenation catalyst, 
but the activity decreases if the reaction product is 
heated at high temperature above 0° C. before it is mixed 
with the polymer solution. 
On the contrary, the three components catalyst of the 

present invention maintains unusually high activity even 
when it is heated at a high temperature suitable for the 
hydrogenation of polymers. Such stable catalyst at a high 
temperature is especially suitable for the hydrogenation 
of polymers in a viscous solution form. These merits 
make the present invention more valuable in industrial 
applications, especially in continuous hydrogenation 
process. ' 

The mole ratios of the transition metal compound to 
the metal compound reducing agent or to the ole?nically 
or acetylenically unsaturated bond of the unsaturated 
hydrocarbon may be varied widely. The mole ratios of 
the transition metal compound to the metal compound 
reducing agent of from 1202.2 to 1:10 may be preferably 
used. When the molar ratio is below 1:10 or above 
1:02, the decrease of the activity as the hydrogenation 
catalyst is observed. Ratios of from 110.2 to 1-28 are 
more preferably used. The mole ratios of the transition 
metal compound to the ole?nically or acetylenically un 
saturated bond of the unsaturated hydrocarbon of from 
1:01 to 1: 100 may be preferably employed. The use of 
an excess amount of the unsaturated hydrocarbon cause 
the undesirable induction period due to the auxiliary re 
action in the catalyst formation and also cause unneces 
sary consumption of hydrogen in the hydrogenation of 
polymers. To avoid such phenomena, the mole ratios of 
from 120.1 to 1:50 are more preferably used. Usually, 
the stable catalyst with unusually high activity can be ob~ 
tained by using the same molar quantity of the unsaturated 
hydrocarbon to the transition metal compound. Accord 
ing to the present invention, the concentration of nickel, 
cobalt or iron of the catalyst may be 0.1 mmol or more 
per a liter of polymer solution to be hydrogenated. 
As an inert solvent used for preparing the catalyst 

or dissolving the polymers to be hydrogenated, saturated 
hydrocarbon, aromatic hydrocarbon, hydroaromatic hy 
drocarbon, chlorinated aromatic hydrocarbon and ether 
may be used. Example of such inert solvents include 
hexane, heptane, octane, benzene, toluene, xylene, cyclo 
hexane, methylcyclohexane, decalin, tetralin, chloro 
benzene, tetrahydrofuran, anisole, dioxane and their mix 
tures. Among them saturated hydrocarbon, aromatic hy 
drocarbon and hydroaromatic hydrocarbon are preferably 
used. 
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6 
hydrogenation of the unsaturated bonds of polymers in a 
viscous solution form. The hydrogenatable unsaturated 
bonds according to the present invention include carbon 
carbon double bond, carbon-carbon triple bond and car 
bon-nitrogen triple bond. Diene polymers having such 
hydrogenatable unsaturated bonds are preferably em 
ployed in the present invention. Such diene polymers in 
clude homopolymer and copolymer of conjugated diene, 
and copolymer of conjugated diene and unsaturated com 
pound which can copolymerize with conjugated diene 
such as vinylsubstituted aromatic hydrocarbon. Examples 
of such polymers include polybutadiene, polyisoprene, 
butadiene-styrene copolymer, butadiene-u-methylstyrene 
copolymer, butadiene-isoprene copolymer, polybutadiene 
grafted with a minor amount of styrene, butadiene-acry 
lonitrile copolymer, butadiene-vinylpyridine copolymer 
and others. These polymers may be prepared by bulk 
polymerization, solution polymerization or emulsion po 
lymerization by the use of radical type initiator, ionic type 
initiator or Ziegler type initiator. The polymers having 
Mooney viscosity at 100° C. of more than 20 can be 
easily hydrogenated according to the present invention. 
The hydrogenated polymers obtained from polymers hav 
ing such a high Mooney viscosity are useful for manu 
facturing rubber articles. 
The catalyst of the present invention has so high activity 

for the hydrogenation of ole?nically unsaturated bonds of 
polymers that the complete hydrogenation can be carried 
out unde the mild condition, for example, under atmos 
pheric pressure of hydrogen and at near the room tem 
perature in a short time. Further, the aromatic nuclei can 
be hydrogenated under more severe condition. The pres 
sure of hydrogen used in the hydrogenation may be varied 
widely, but the selective hydrogenation of ole?nically 
unsaturated bonds can be carried out at a temperature of 
from 0° to 120° C. and under a hydrogen pressure of less 
than 10 atms. It is one of merits of the present invention 
that the selective hydrogenation of the unsaturated bonds 
of polymers proceeds easily in a viscous solution form 
in high activity. 

According to the invention, the concentration of poly 
mers in a solution to be hydrogenated may be varied 
from 1 to 30 percent, preferably from 1 to 25 percent. The 
viscosity of the polymer solution may be varied widely. 
From 0.05 to 5,000 poise, preferably from 1 to 2,000 
poise, may be employed. As is shown in the following 
example, it is surprising that the hydrogenation of the 
polymer solution having a viscosity of about 200 poise 
proceeds at room temperature and under atmospheric pres 
sure of hydrogen. This fact shows that the hydrogenation 
ef?ciency of the catalyst obtained according to the inven 
tion is excellent. This is one of merits of the present in 
vention. 

After hydrogenation, the solvent and catalysts can be 
easily removed from the hydrogenated polymers by add 
ing polar solvent, such as, acetone and alcohol to the reac 
tion mixtures and precipitating the polymers, or pouring 
the reaction products into a steam or a hot water and re 
moving solvent by azeotropic distillation. In these proce 
dures, the catalysts are decomposed and the major part of 
them is removed from the polymers, but the most effective 
removal of the catalysts is attained by contacting the 
reaction mixtures with polar solvent or Water containing a 
small amount of acid. 

According to the present invention, polymers of high 
Mooney viscosity even more than 40 can be easily hydro 
genated under such a mild condition that side reaction 
such as thermal degradation or gelation does not occur, so 
that the obtained polymers have no undesired properties 
resulting from the decrease of molecular weight or gel. 
Therefore, the hydrogenated polymers of the present in 
vention have the improved properties and do not lose 
various good properties of the starting polymers. 
For example, the hydrogenated styrene-butadiene ran 

dom copolymer has higher green strength, resilience, oil 
extendability and heat resistance than the starting styrene 
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butadiene copolymer. This hydrogenated polymer has also 
property of roll processability, extrusion or high ?ller 
loading. The hydrogenated polybutadiene obtained by the 
process of the invention has improved green strength, 
less cold flow property and others. 

These hydrogenated polymers of the present invention 
are easily curable by the conventional procedure and may 
be applied to the production of rubber articles. 
The invention is illustrated in the greater detail in the 

following examples which are not intended, however, to 
be unduly limitative of the invention. 

EXAMPLE 1 

In a shakable glass reactor of 300 millilitres capacity, 
100 millilitres of 5 weight percent toluene solution of 
solution-polymerized styrene-butadiene random copoly 
mer (styrene/butadiene=2l/79, ML-4 at 100° C.:45) 
was placed. After the atmosphere of the reactor was dis 
placed by hydrogen, pre-prepared catalyst was added to 
the polymer solution and then the atmospheric pressure 
of hydrogen was contacted with the solution under shak 
ing at 30° C. and an amount of hydrogen absorbed was 
measured continuously by gas burette. 
The catalyst was prepared in toluene by mixing 0.8 milli 

mole of nickel naphthenate with 2.4 millimoles of tri 
ethylaluminium at 30° C. under nitrogen or hydrogen 
in the presence of 0.8 millimole of styrene, 1,7-octadiene 
or cyclohexene. After 5 minutes, the catalyst solution 
containing 0.4 millimole of nickel was weighed out from 
the catalyst solution obtained by the above described pro 
cedure and then mixed with the polymer solution. Fur 
ther, the same hydrogenation was repeated by the use 
of the two components catalyst obtained by reacting 
nickel naphthenate with triethylaluminium under the 
same condition used to prepare the three components " 
catalyst. 
The viscosity of the polymer solution containing the 

three components catalyst was about 1.2 poises at the 
temperature at which the hydrogenation was carried out. 
When the three components catalyst was used, it was 

observed that hydrogen was absorbed rapidly as soon as 
the catalyst was mixed with the polymer solution. After 
1 hour, the introduction of hydrogen was stopped and 
under stirring a small amount of acetone containing hy 
drocloric acid was added to the polymer solution and 
then the solution was mixed with a large amount of ace~ 
tone to precipitate the polymer. White rubbery hydrogen 
ated polymer having a high tensile strength was obtained 
after drying under reduced pressure. 
The infrared spectrum of obtained hydrogenated poly 

mers show peaks at 721 cm.—1 and 1,380 cm.—1 assigned 
to —-(CH2)4- and ——CH3 of butadienic unit saturated 
with hydrogen respectively, peaks at 967 cm?1 and 910 
cm.—1 assigned to trans-1,4-con?guration and vinyl radical 
of butadienic unit respectively and peaks at 699 cm?1 
and 757 cm.“1 assigned to phenyl radical of styrenic 
unit, and no peaks in the range of from 820 to 900 cm.—1 
assigned to cyclohexyl radical. These facts shows that the 
selective hydrogenation of ole?nically unsaturated bonds 
of the polymer was carried out. 
The amount of hydrogen absorbed in 10, 30 and 60 

minutes and the required time for absorbing the same 
quantity of hydrogen absorbed in 1 hour when the two 
components catalyst was used, are shown in Table 1. 

TABLE 1 

Amount of hydrogen 
absorbed, ml. Required 

Ole?nieally unsaturated time, 
hydrocarbon 10 min. 30 min. 60 min. min. 

None ....................... - . 252 536 605 __________ _ _ 

Styrene ____________________ _ _ 575 1014 1219 13 
C yclohoxene ................ _ - 715 1258 1445 9. 5 
1,7-oetadiene_ _ __ __ _ _ 766 1235 1389 9 

1,7-0etarliene 1 ______________ __ 53 155 280 __________ ._ 

1 The catalyst was prepared in an atmosphere of hydrogen. 
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In this example and the following Examples of 2 to 10 

(except Example 5), the butadienic units of the styrene 
butadiene randon copolymer are hydrogenated com 
pletely by about 1,670 milliliters of hydrogen. The Table 1 
shows, for example, that 86.6 percent of the butadienic 
units of the polymer was hydrogenated in 1 hour by the 
three components catalyst prepared in the presence of 
cyclohexene. 

These results show that the three components catalysts 
prepared under an atmosphere of nitrogen are from 4 to 6 
times e?ective compared with the two components catalyst 
in the hydrogenation of the polymer in a viscous solution 
form. 

EXAMPLE 2 

The same hydrogenation as shown in Example 1 was 
carried out at 29° C. by using the catalyst obtained from 
cobalt compound. 
The catalyst was prepared in toluene by mixing 021 

gram of cobalt acetylacetonate with 2.4 millimoles of tri 
ethylaluminium at 29° C. under nitrogen in the presence 
or absence of 0.8 millimole of styrene or cyclohexene. 
After 5 minutes, the catalyst solution containing 0.4 
millimole of cobalt was weighed out and mixed with the 
polymer solution. 
The amount of hydrogen absorbed in 10, 30 and 60 

minutes and the required time for absorbing such a 
quantity of hydrogen that the two components catalyst 
absorbed in 1 hour, are shown in Table 2. 

TABLE 2 

Amount of hydrogen 
_ absorbed, m1. Required 

Ole?meally unsaturated time , 
hydrocarbon 10 min. 30 min. 60 min. min. 

None _______________________ __ 268 357 396 __________ __ 

Styrene _____________________ .. 334 441 497 19 
Cyclohexene ________________ __ 438 583 639 8 

EXAMPLE 3 

The same hydrogenation as shown in Example 1 was 
carried out at 30° C. by using the catalyst obtained from 
iron compound. 
The catalyst was prepared in toluene by mixing 0.8 

millimole of iron naphthenate with 2.4 millimoles of 
triethylaluminium at 30° C. under nitrogen in the pres 
ence or absence of 0.8 millimole of l-heptene 2-meth 
ylbutene-‘l, 1,7-octadience or cyclohexene. After 5 min 
utes, the catalyst solution containing 0.4 millimole of iron 
was weighed out and mixed with the polymer solution. 
The amount of hydrogen absorbed in 10, 30 and 60 

minutes is shown in Table 3. 

TABLE 3 

Amount of hydrlogen absorbed, 
m . 

Ole?nieally unsaturated 
hydrocarbon 10 min. 30 min. 60 min. 

None _____________________________ - - 7 27 __________ __ 

58 116 138 
142 240 286 
163 280 337 

C yclohexene ______________________ . _ 484 965 1096 

These results show that iron catalyst, which was not 
used as the hydrogenation catalyst because of its inferior 
activity, can be activated usually by the process of the 
present invention. _ 

EXAMPLE 4 

In a shakable glass reactor of 300 ml. capacity equipped 
with a jacket, through which water is circulated, 100 ml. 
of 5 weight percent solution of solution-polymerized 
styrene-butadiene copolymer (styrene/butadiene 18/82, 
ML-4 at 100° C.:45) in toluene was hydrogenated at 
80° C. in the same manner as shown in Example 1. The 
catalyst was prepared in toluene by mixing benzene sul 
fonate or p-toluene sulfonate of nickel with triethylalumi— 
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nium in the presence of dicyclopentadiene at 80° C. and 
keeping the reaction mixtures at 80° C. for 30 minutes 
under an atmosphere of nitrogen. The results are shown 
in Table 4. 

10 
‘reaction mixtures at 50° C. for 5 minutes, the catalyst 
solution containing 0.4 millimole of nickel was weighed 
out and mixed with the polymer solution. 

TABLE 4 

AlE tslunsaturated Amount of hydrogen 
bonds of dicyclo- Catalyst absorbed, ml. 

pentadiene/Ni-salts, c0110., 
Nickel salt mole ratio mmol/l. 10 min. 30 min. 60 min. 

Benzene su1fonate_______ 4/2/1 4 582 786 897 
p-Toluene sulfonate_____ 3/2/1 3 440 622 686 

EXAMPLE 5 15 The amount of hydrogen absorbed in 10, 30 and 60 

In the same reactor as shown in Example 4, 100 milli— 
liters of 5 Weight percent toluene solution of solution 
polymerized polybutadiene (cis-1,4-con?guration: 35%, 
trans-1.4: 55%, 1.2: 10%, ML-4 at 100° C.:35) was 
placed. The hydrogenation was carried out at 50° C. in 
the same manner as shown in Example 1. 
The catalyst was prepared in toluene by mixing 0.4 

millimole of nickel naphthenate with 1.6 millimoles of 
diethylmagnesium at a constant temperature under nitro 
gen in the presence of 0.4 millimole of dicyclopentadiene 
of styrene. After keeping the reaction mixtures at the con 
stant temperature for 5 minutes, the catalyst solution con 
taining 0.3 millimole of nickel was weighed out and mixed 
with the polymer solution. 
The amount of hydrogen absorbed in 10, 30 and 60 

minutes is shown in Table 5. 

TABLE 5 

Temperature Amount of hydrogen 
of catalyst absorbed, ml. 

Ole?nically unsaturated preparation, ‘ _ _ 
hydrocarbon ° C 10 min. 30 mm. 60 mm. 

Dicyclopentadiene 60 736 1574 1972 
Do _ _ 40 480 1586 1988 
Do 25 205 1314 1897 

25 401 1422 1840 

After 1 hour, the introduction of hydrogen was stopped 
and the hydrogenated polybutadiene was recovered. The 
infrared spectrum of the hydrogenated polybutadiene ob 
tained by the use of the three components catalyst shows 
peaks at 721 cm.-1 and 1,380 cm.—1 assigned to 

and -—CH3 of butadienic units saturated with hydrogen 
respectively. 

In this example, the butadienic units of the polybuta 
diene are hydrogenated completely by about 2,100 milli 
liters of hydrogen. 

EXAMPLE 6 

The same hydrogenation as shown in Example 1 was 
carried out at 30° C. by using the catalyst obtained from 
n-butyllithium. 
The catalyst was prepared in toluene by mixing 0.6 

millimole of nickel naphthenate with 2.3 milliliters of 
hexane solution containing 1.8 millimoles of n-butyl 
lithium at 50° C. under nitrogen in the presence of 0.6 
millimole of styrene or 1,7-octadiene. After keeping the 
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minutes are shown in Table 6. 

EXAMPLE 7 

The same hydrogenation as shown in Example 1 was 
carried out at 30° C. by using the catalyst obtained from 
lithiumaluminiumhydride. 

TABLE 6 

Amount of hydrogen 
absorbed, ml. 

Ole?nically unsaturated — 
hydrocarbon 10 min. 30 min. 60 min. 

Styrene __________________________ __ 212 530 709 
1,7-octadiene _____________________ __ 484 903 1010 

The catalyst was prepared in toluene by mixing 0.8 
millimole of nickel naphthenate with 10 milliliters of 
tetrahydrofuran solution containing 0.122 grams of lith 
ium-aluminiumhydride at 50° C. under nitrogen in the 
presence of 0.8 millimole of 1,7-octadiene, l-heptene or 
cyclohexene. After keeping the reaction mixtures at 50° 
C. for 5 minutes, the catalyst solution containing 0.4 mil 
limole of nickel was weighed out and mixed with the 
polymer solution. 
The amount of hydrogen absorbed in 10, 30 and 60 

minutes is shown in Table 7. 

TABLE 7 

Amount of hydrogen 
_ absorbed, ml. 

Ole?mcally unsaturated —-—— —— 

hydrocarbon 10 min. 30 min. 60 min. 

1,7-octadiene _____________________ __ 760 1369 1552 
1~heptene _______ __ _ 748 1456 1659 

Cyclohexene ______________________ __ 754 1489 1697 

EXAMPLE 8 

The same hydrogenation as shown in Example 1 was 
carried out at 24° C. 
The catalyst was prepared in toluene by mixing 1.2 mil 

limoles of nickel naphthenate with 3.6 millimoles of tri 
ethylaluminium at 80° C. under nitrogen in the presence 
or absence of 1.2 millimoles of dicyclopentadiene otr 
ethylacetylene. After keeping the reaction mixtures at 80° 
C. for 5 and 60 minutes, the catalyst solution containing 
0.4 millimole of nickel was weighed out and mixed with 
the polymer solutions. Another catalyst, in which ethyl 
acetylene was used and the mole ratio of nickel naphthe 
nate to ethylacetylene was 2, was also prepared. 
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The amount of hydrogen absorbed in 10, 30 and 60 
minutes is shown in Table 8. 

12 
ethylaluminium in the presence of styrene when the tem 
perature of catalyst preparation is 30° C. 

TABLE 8 

ole?nically or Time of 
aeetylenically keeping 

ole?nically or unsaturated bond of the Amount of hydrogen 
acctylenieally the unsaturated catalyst absorbed, ml. 
unsaturated hydrocarbon/Ni, at 80° 0., 
hydrocarbon mole ratio min. 10 min. 30 min. 60 min. 

0 16 43 75 
60 0 3 9 
5 320 601 S38 

2 00 256 073 877 
1 5 412 804 1083 
1 (i0 213 670 906 
2 5 476 1128 1330 

These results show that the catalyst according to the 
present invention maintains high activity for a long time, 
even when the temperature of the catalyst preparation 
is high. 

EXAMPLE 9 

The same hydrogenation as shown in Example 1 was 
carried out at 28° C. by using the catalyst containing 
various quantities of dicyclopentadiene. 
The catalyst was prepared in toluene by mixing 0.6 

millimole of nickel naphthenate with 1.8 millimoles of 
triethylaluminium at 28° C. under nitrogen in the pres 
ence or absence of dicyclopentadiene. After 5 minutes, the 
catalyst solution containing 0.4 rnillimole of nickel was 
weighed out and mixed with the polymer solution. 
The amount of hydrogen absorbed in 10, 30 and 60 

minutes is shown in Table 9. 
TABLE 9 

ole?nically 
unsaturated 

bond of Amount of hydrogen 
ole?nically unsaturated absorbed, ml. 
unsaturated hydrocarbon/Ni, 
hydrocarbon mole ratio 10 min. 30 min. 60 min. 

None ___________________________________ _ _ 155 333 469 
Di yelopentadiene ____ __ 1 794 1372 1554 

D0 _______________ ._ 2 920 1527 1671 
Do ____ __ 4 891 1486 1643 
DO ____ ._ 10 838 1465 1616 
Do ____ __ 20 272 1454 1639 
Do _______________ __ 200 181 1134 ‘2320 

These results show that the quantities of the ole?nically 
unsaturated hydrocarbon to be used can be varied widely. 
But, in the case of the mole ratio being 200, the undesir 
able induction period of the catalyst formation and un 
necessary consumption of hydrogen were observed. 

EXAMPLE 10 

The same hydrogenation as shown in Example 1 was 
carried out at 30° C. by using the catalyst prepared by 
different mixing order of the catalytic components as 
shown in the following table. 
The catalyst was prepared by mixing 0.8 millimole of 

nickel naphthenate, 2.4 millimoles of triethylaluminium 
and 0.8 millimole of styrene in toluene at 30° C. under 
nitrogen. After 5 minutes, the catalyst solution containing 
0.4 millimole of nickel was weighed out and mixed with 
the polymer solution. 
The amount of hydrogen absorbed in 10, 30 and 60 

minutes is shown in Table 10. 
TABLE 10 

Ole?nieally 
unsaturated Amounts of hydrogen 

bond of absorbed, ml. 
styrene/Ni, 

Mixing order mole ratio 10 min. 30 min. 60 min. 

Ni-naphthenate-AlEta __________________ _ _ 237 366 448 

Ni-naphthenate—AlEt3~ 
styrene _________________ _ _ 1 117 231 350 

Styrenc-Ni-naphthenatc 
AlElZg ____________________ __ 1 472 014 1113 

These results show that the catalyst with high activity 
can be obtained by mixing nickel naphthenate with tri 
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EXAMPLE 1 1 

In the same reactor as used in Example 4, 100 milli 
liters of 2 volume percent n-hexane solution of cis-l,4— 
polyisoprene (cis-1,4 con?guration: 92%, trans-1,4: 3%, 
3,4: 5%, ML—4 at 100° C258) was placed. The hydro 
genation was carried out at 50° C. in the same manner as 
shown in ‘Example 1. 
The catalyst was prepared in n-hexane by mixing 0.4 

millimole of nickel naphthenate with 0.8, 1.2, 1.6 or 2.0 
millimoles of triethylaluminium at 40° C. under nitrogen 
in the presence of 0.4 millimole of dicyclopentadiene. 
After 5 minutes, the catalyst solution containing 0.3 milli 
mole of nickel was weighed out and mixed with the poly 
mer solution. Further, the catalyst consisting of the two 
components without containing dicyclopentadiene was 
prepared by the same procedure as described above, and 
in this case 1.2 millimoles of triethylaluminium were 
used. 
The amount of hydrogen absorbed in 60 minutes is 

shown in Table 11. In this example, unsaturated bonds 
of cis-l,4-polyisoprene are hydrogenated completely by 
about 658 milliliters of hydrogen. 

Table 11 
AlEta/Ni-naphthenate Amount of hydrogen 
(mole ratio) absorbed (ml.) 

2 ____________________________________ __ 315 

3 ____________________________________ __ 473 

3 1 ___________________________________ __ 56 

4 ____________________________________ __ 348 

5 ____________________________________ __ 282 

1 Without containing dicyclopentadiene. 

EXAMPLE 12 

In a glass reactor equipped with a strong stirrer suit 
able for the hydrogenation of highly viscous solution, a 
highly concentrated solution of solution-polymerized 
styrene-butadiene random copolymer (styrene/butadiene 
25/75, ML—4 at 100° C.:45) in toluene was placed. The 
hydrogenation was carried out at room temperature and 
under an atmospheric pressure. 
The catalyst was prepared in toluene under an atmos 

phere of nitrogen by mixing nickel naphthenate with tri 
ethylaluminium in the presence of dicyclopentadiene at 
25° C. for 5 minutes, wherein the mole ratios of nickel 
naphthenate to triethylaluminium and to unsaturated 
bonds of dicyclopentadiene were 1:15 or 1:3 and 1:2 re 
spectively. The concentration of the catalyst was 3 mmol 
of nickel per liter of the polymer solution. The results 
are shown in Table 12. 

TABLE‘ 12 

Polymer 
concen- _ Degree of 
tration, __ AlEtg/Nl- hydrogena 
volume Viscosity, naphthenate, Reaction tion, 1 
percent poise mole ratio time, hours percent 

10 __________ __ 6. 7 1. 5 1 52 
15 ____ __ 47 3 1. 5 43 
20 __________ __ 214 3 1. 5 12 

1 Degree of hydrogenation is based upon the theoretical value of 100 
percent for the completely hydrogenated polymer. 
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EXAMPLE 13 

In the same reactor as used in Example 1, 100 milli 
liters of 3.5 volume percent toluene solution of solution 
polymerized styrene-butadiene random copolymer (sty 
rene/butadiene=18/ 82, ML—4 at 100° C.:45) was 
placed. The hydrogenation was carried out at room tem 
perature in the same manner as shown in Example 1. 
The catalyst was prepared in toluene under nitrogen 

by mixing 0.6 millimole of the following nickel or cobalt 
compound with 1.8 millimoles of triethylaluminium at 
—78° C. for 5 minutes, adding 0.6 millimole of dicyclo 
pentadiene to the obtained reaction product at —78° C. 
and raising the temperature up to 40° C. After keeping 
at 40° C. for 60 minutes, the catalyst solution containing 
0.4 millimole of nickel or cobalt was weighed out and 
mixed with the polymer solution. Further, the catalyst 
consisting of the two components without adding di 
cyclopentadiene was prepared by the same procedure as 
in the case of cobalt naphthenate. 
The amount of hydrogen absorbed in 10, 30 and 60 

minutes is shown in Table 13. 

TABLE 13 

Amount of hydrogen 
absorbed, ml. 

Nickel or cobalt compound 10 min. 30 min. 60 min. 

Bis(salicylaldohyde) nickel ______________ __ 137 541 783 
Nickel cyclohexylcarboxylate. _ _ _ 592 815 940 

Cobalt octanoate _____________ _ _ _ _ 518 644 606 

Cobalt naphthenate_ _ _ __ __ _ 486 605 667 

C obalt naphthenate 1 ___________________ _ _ 0 0 3 

1 Without adding dicyclopentadiene. 

EXAMPLE 14 

In the same reactor as used in Example 4, 100 milli 
liters of 5 weight percent toluene solution os solution 
polymerized styrene-butadiene random copolymer (sty 
rene/butadiene=24/76, ML-4 at 100° C.:45) was 
placed. The hydrogenation was carried out at 80° C. in 
the same manner as shown in Example 1. 
The catalyst was prepared in toluene under nitrogen 

by mixing 0.8 millimole of nickel naphthenate with 2.4 
millimoles of triethylaluminium at —78° C. for 5 min 
utes, adding 0.8 millimole of ole?nically unsaturated 
hydrocarbon to the obtained reaction product at —7 8° C. 
and then raising the temperature up to 40° C. After 
keeping at 40° C. for 30 minutes, the catalyst solution 
containing 0.2 millimole of nickel was weighed out and 
mixed with the polymer solution. Further, the catalyst 
consisting of the two components without adding the 

-ole?nically unsaturated hydrocarbon was prepared by 
the same procedure as described above. 
The amount of hydrogen absorbed in 10, 30 and 60 

minutes is shown in Table 14. 

TABLE 14 

Amount of hydrogen absorbed, 
(1111-) 

Ole?nically unsaturated 
hydrocarbon 10 min. 30 min. 60 min. 

1,7-octadiene. ____________________ __ 874 1, 088 1, 182 
1,3-cycl0octadiene.__ 845 1, 040 1, 131 
Dicyclopentadiene 810 1, 015 1, 109 
Styrene _ _______ __ 1, 001 1, 229 1, 371 
Isoprene._ _ 952 1, 151 1, 234 
1,3<pentadiene_ _ __ 933 1, 095 1, 185 
2~methylbutene-1_ _ _ 760 948 l, 020 
None _____________________________ _ _ 249 468 589 

These results show that the three components catalyst 
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14 
of the present invention maintains high activity of the 
catalyst even if it is heated at 40° C. for a long period 
of time. 

EXAMPLE 15 

The same hydrogenation as shown in Example 14 was 
carried out at 80° C. by using the dilferent catalyst. 
The catalyst was prepared in toluene under nitrogen 

by mixing 0.8 millimole of nickel naphthenate with 2.4 
millimoles of triethylaluminium at —78° C. for 5 min 
utes. After the procedure described in the following 
table, the catalyst solution containing 0.2 millimole of 
nickel was weighed out and mixed with the polymer 
solution. In Exp. No. 4, the catalyst, which had been 
prepared by mixing the nickel naphthenate with the tri 
ethylaluminium at —78° C. for 5 minutes, was main 
tained at —78° C. until it was mixed with the polymer 
solution. In Exp. No. 5, the catalyst prepared by mixing 
the nickel naphthenate with the triethylaluminium at 
40° C. for 5 minutes was used. 
The amount of hydrogen absorbed in 10, 30 and 60 

minutes is shown in Table 15. 

TABLE 15 

Amount of hydrogen 
absorbed, m1. 

Exp. _ 
No. Procedure 10 mm. 30 min. 60 min. 

1_-_.._ Mixed with 0.8 mmol of ethyl~ 
acethylene at —78° C _________ ._ 929 1, 008 1, 211 

2_____ After mixed with 0.8 mmol ethyl 
acetylene,kept at —78° C. for 30 
min ___________________________ _. 1, 001 1, 172 1, 260 

3....-. After mixed with 0.8 nnnol of 
ethylacetylene, kept at 40° C. 
for 30 min..." 1, 025 1, 181 1, 280 

930 1, 108 1, 215 
129 278 355 

These results show that the catalyst having a high 
activity can be obtained by mixing the nickel naphthenate 
with triethylaluminium at a low temperature and keep— 
ing the reaction product at the low temperature until it 
is mixed with the polymer solution, and the high activity 
can be maintained at high temperature by adding acetyl 
enically unsaturated hydrocarbon to the reaction prod 
uct of nickel naphthenate with triethylaluminium. 

EXAMPLE 16 

The same hydrogenation as shown in Example 14 was 
carried out at 80° C. by using the different catalyst. 
The catalyst was prepared in toluene under nitrogen 

by mixing 0.8 millimole of a nickel compound with 2.4 
millimoles of an organometallic compound at ‘—78° C. 
for 5 minutes, adding 0.8 millmole of styrene to the 
obtained reaction product at '—--78° C. and then raising 
the temperature up to 40° C. After keeping at 40° C. for 
30 minutes, the catalyst solution containing ‘0.2 millimole 
of nickel was weighed out and mixed with the polymer 
solution. 
The amount of hydrogen absorbed in 10, 30 and 60 

minutes is shown in Table 16. 

TABLE 16 

Amount of hydrogen 
absorbed, m1. 

‘ Organometallic 
Nlckel compound compound 10 min. 30 min. 60 min. 

N_ickel naphthenate n-B utyllithium . _ _ _ _ 802 1, 069 1, 182 
b1s(acetylacetone) _ ____do ____________ _ _ 651 981 1, 038 

nickel. 
Nickel naphthenate Diethylmagnesium__ 936 1, 281 1, 425 
B1s(acetylacetone) _ _ _ _ -do ______________________ _ _ 1, 024 1, 209 

nickel. 

EXAMPLE 17 

In the same reactor as used in Example 4, 100 milli 
liters of toluene solution containing 5 grams of poly 
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butadiene (cis-1,4 con?guration: 35%, trans-1.4: 55%, 
1.2: 10%, ML-4 at 100° C235) was placed. The hydro 
genation was carried out at 80° C. in the same manner 
as shown in Example 1. 
The catalyst was prepared in toluene under nitrogen 

by mixing 0.8 millimole of nickel naphthenate with 2.4 
millimoles of triethylaluminium at —78° C. for 5 min 
utes, adding 0.8 millimole of ole?fnically unsaturated 
hydrocarbon to the obtained reaction product at —-78° C. 
and then raising the temperature up to 40° C. After 
keeping at 40° C. for 30 minutes, the catalyst solution 
containing 0.2 millimole of nickel was weighed out and 
mixed with the polymer solution. 
The amount of hydrogen absorbed in 10, 30 and 60 

minutes is shown in Table 17. 

TABLE 17 

Amount of hydrogen absorbed, ml. 
Olelinieally unsaturated 

10 

16 
EXAMPLE 19 

In a mechanically stirred autoclave, 7 volume percent 
solution of solution-polymerized styrene-butadiene ran 
dom copolymer (styrene/butadienez25/75, ML—4 at 
100° C.:45) in toluene was catalytically hydrogenated. 
The catalyst was prepared by mixing nickel naphthenate 
with triethylaluminium in the presence of 1,7-octadiene 
at 40° C. for 5 minutes, wherein the mole ratios of nickel 
naphthenate to triethylaluminium and to the unsaturated 
bonds of 1,7-octadiene were 1:3 and 1:2 respectively. 
The concentration of nickel of the catalyst was 3 milli 
moles per liter of the polymer solution to be hydroge 
nated. 

Thus, hydrogenated styrene-butadiene random copoly 
mers having various degrees of hydrogenation were pre 
pared. The compounding recipe and physical properties 
of the hydrogenated and the original polymer are sum 
merized in Table 19. 

hydrocarbon 10min. 30min. 60 min. 90 

1,3-pentatliene ____________________ __ 021 1320 1521 H 
Isoprene _____ __ 872 1269 1442 

1,7-oetadiene._ __._ 784 1200 1300 
1,3-cyc1ooetadiene ________________ _. 750 1181 1346 TABLE 10 

Otrigina} I-Iydrogenaited ,- s yrene styrene 
EXAMPLE 18 2) butadiene butadiene 

In a mechanically stirred autoclave, 8 Weight percent coggi‘ycgg; céggggler 
solution of puri?ed emulsion-polymerized styrenebuta- D ‘ M d t_ 

diene random copolymer (styrene/butadiene=23/77, 1.3g“ """""""""""""" "j: 3% ML-4 at 100° C.:52) in toluene was catalytically hydro- 30 gargglkilglgiclk ISAlY 

genated. The catalyst was prepared by mixing nickel zilfc 01mg": """"" “ 
Stearic acid____ naphthenate with triethylaluminium in the presence of 

1,7-octadiene at 40° C. for 5 minutes, wherein the mole 
ratios of nickel naphthenate to triethylaminium and to 
the unsaturated bonds of 1,7-octadiene were 1:3 and 1:2 
respectively. The concentration of the catalyst was 3 mil 
lirnoles of nickel per liter of the polymer solution to be 
hydrogenated. 
The hydrogenated polymer was recovered and the de 

gree of hydrogenation based upon the theoretical value 
of 100 percent for the completely hydrogenated polymer 
was 21.2. The compounding recipe and physical proper 
ties of the hydrogenated and the original polymer are 
summerized in Table 18. 
These results show that the green strength of the ob 

tained hydrogenated polymer was about ten times of the 
original polymer even when .100 phr. of oil and 100 phr. 
of carbon black were compounded and tensile strength 
after cured was almost the same, besides no decrease of 
tensile strength was observed after aged at 110° C. for 
24 hours. 

TABLE 18 

Hydrogenated 
styrene-buta 

Original 
styrene-buta 
diene random diene random 

copolyrner eopolymer 

Degree 01 hydrogenation ______________________________ _ o 85 

Polymer ________________ _ _ 100 100 

Carbon black ISAF 1. 50 100 
Zinc oxide_ _ _ 5 5 

Stearie acid.. 1 1 
Hitanol 1501 5 5 
Antioxidant D . 1 1 
Aromatic oil . _ _ _ _ _ _ _ _ _ _ . ._ 10 100 

Nocceler MSA 3- ....... ._ 1 1 
Sulphur ________________ _ _ _ 2 2 

Green strength, kgJcm.2 ______________ __ 3 30 

After cured at 150° (1X45 minutes 

Hardness _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ 50 55 

Elongation, percent _ _ 460 600 
300% modulus, kg/cm.2 _ 117 75 
Tensile strength, kg./cm.2 ____________ __ 210 200 

After aged air heated at 110° 0X24 hours 

Elongation ___________________________ _ _ 250 510 

300% modulus, kg./ern.2_ _ __ 10% 20 Tensile strength, kg./em.2 _____________ .. 

1 Abbreviation of Intermediate Super Abrasion Furnace. 
2 Commercial name of novolac type alkyl phenol formaldehyde resin. 
3 Commercial name 01 N -0xydiethylene-2<benzothiazole sultenamide. 
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Antioxidant D. 
Noeeeler MSA 1 
Sulphur _ _ . _ . . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ __ 

Green strength, kg./cm.2 ____________ __ 4 

After cured at 145° C.><1.5 times of the best cure time 

300% modulus, kg./cm.2 ____________ __ 102 125 185 216 
Tensile strength, kgJcm.2 __________ __ 123 201 222 279 
Resilience, percent 2 ________________ ._ 48. 6 56. 2 58. 0 54, 3 

lGornmercial name of N-oxydiethylene-2benzothiazo1e sulfenarnide. 
2 Measured by Dunlop method at 26° C. 

These results show that tensile strength and resilience 
of the styrene-butadiene random copolymer were im 
proved by the hydrogenation of its butadienic units. 

EXAMPLE 20 

In a high speed stirred 4 liters glass reactor connected 
to a gas burette, a solution containing 100 grams of cis 
1,4-polybutadiene (cis-1,4 con?guration:96.2%, trans 
1,4:2.8%, 1,2:1%, ML-4 at 100° C.:52) in toluene was 
catalytically hydrogenated to a degree of hydrogenation 
of less than 10 percent. The catalyst was prepared by 
mixing nickel naphthenate with triethylaluminium in the 
presence of dicyclopentadiene at 40° C. for 5 minutes, 
wherein the mole ratios of nickel naphthenate to triethyl 
aluminium and the unsaturated bonds of dicylopenta 
diene were 1:3 and 1:2 respectively. The concentration 
of nickel of the catalyst was 1 millimole per liter of the 
polymer solution to be hydrogenated. Degree of hydro 
genation was controlled by measuring an amount of hy 
drogen absorbed through gas burette and by stopping the 
hydrogenation when predetermined amount of hydrogen 
was absorbed. The hydrogenated polymers having different 
degree of hydrogenation were compared with the orig 
inal polymer in their physical properties. The compound 
ing recipe and physical properties are summerized in 
Table 210. 

These results show that the green strength of the hydro 
genated polymers was extremely higher than that of the 
original polymer in spite of a small degree of hydrogena 
tion. These hydrogenated polymers did not show cold 
?ow. 



3,531,450 
TABLE 20 

Hydrogenated 
Original polybutadiene 

butadicne A B 0 

Degree of hydrogenation, percent.“ 0 1 3 5 
Polymer _________ __ _ 100 1 3 5 
Carbon black ISA _ 50 1 3 5 
Zinc oxide ______ ,_ __ 3 1 3 5 
Stearic acid _______________________ __ 2 1 3 5 
Antioxidant D ___________________ _ _ 1 1 3 5 

Noeceler MSA“ __ _ 0.8 1 3 5 
Sulphur ____ __ l. 8 1 3 5 
Aromatic oil__ 10 1 3 5 
Hitanol 150l__ _ 3 1 3 5 
Green strength, kglcrn.2 __________ _ _ 2 4 23 20 

After cured at 150° (3.)(30 minutes 

Hardness ____________ _ _ 54 54 58 63 
Elongation, percent. _ _ 670 670 600 540 
300% modulus, l<rg./crn.2 63 65 75 75 
Tensile strength, kg./cm.2_ _ 1.. _____ 193 210 200 180 

What we claim 1s: 
1. A process for the catalytic hydrogenation of a 

homopolymer of a conjugated diene or a copolymer of a 
conjugated diene and an unsaturated compound copolym 
erizable with a conjugated diene, which comprises react 
ing hydrogen with the hydrogenatable unsaturated bond 
of said polymer in a solution having a viscosity of from 
0.05 to 5,000 poises at the temperature of said hydrogena 
tion in an inert solvent selected from the group consisting 
of a saturated hydrocarbon, an aromatic hydrocarbon, a 
hydroaromatic hydrocarbon, a chlorinated aromatic hy 
drocarbon, an ether, and mixtures thereof, at a tempera 
ture of from 0° C. to 120° C. in the presence of a three 
component catalyst comprising 

(1) an unsaturated hydrocarbon selected from the 
group consisting of an ole?nically unsaturated hy 
drocarbon having at least one ole?nically unsatu 
rated bond per 10 carbon atoms of the molecule and 
acetylenically unsaturated hydrocarbon having at 
least one acetylenically unsaturated bond per 10 
carbon atoms of the molecule, 

(2) an organic compound selected from the group 
consisting of a metal carboxylate having the formula 
(R'COO)n'M', wherein M’ is a metal, R’ is a hydro 
carbon radical having from 1 to 50 carbon atoms 
and n’ is the valence number of M’, a metal chelate 
compound of which chelate groups are B-ketones, 
hydrocarboxylic acids, ?-hydrocarboxylic acids or 
,B-hydrocarbonyl compounds, a metal sulfonate de 
rived from benzene sulfonic acid, p-toluene sulfonic 
acid or alkyl-benzene sulfonic acid, wherein said me 
tal is nickel, cobalt or iron and 

(3) a metal compound reducing agent selected from 
the group consisting of lithium aluminum hydride 
and an organometallic compound having the for 
mula MRn wherein M is lithium, magnesium or alu 
minum, R is a hydrocarbon radical having from 1 to 
12 carbon atoms, an alkoxy radical having from 1 to 
12 carbon atoms, or hydrogen and n is a valence 
number of M, 

said catalyst being prepared in said inert solvent under an 
inert atmosphere devoid of hydrogen either by mixing the 
components (2) and (3) in the presence of the compo 
nent (1) at a temperature of from 10° C. to 100 °C. or 
by mixing the components (2) and (3) at a temperature 
of from ~100° C. to 0° C. and then mixing the obtained 
reaction product with the component (1) at a tempera 
ture not higher than the temperature at which the com 
ponent (2) has been mixed with the component (3), the 
molar ratio of the component (2) to said ole?nically or 
acetylenically unsaturated bond of the component (1) 
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being within the range of from 1:0.1 to 1:50, the molar 
ratio of the component (2) to the component (3) being 
within the range of from 1:02 to 1:10‘, the concentration 
of nickel, cobalt or iron dissolved in said catalyst being 
at least 0.1 mmol per litre of said solution. 

2. The process as claimed in claim 1, wherein the 
carbon atoms of said unsaturated hydrocarbon are less 
than 20. 

3. The process as claimed in claim 1, wherein said un 
saturated hydrocarbon is a monoole?n. 

4. The process as claimed in claim 1, wherein said 
unsaturated hydrocarbon is a diole?n. 

5. The process as claimed in claim 1, 
unsaturated hydrocarbon is a polyole?n. 

6. The process as claimed in claim 1, 
unsaturated hydrocarbon is a cycloole?n. 

7. The process as claimed in claim 1, 
unsaturated hydrocarbon is an acetylene. 

8. The process as claimed in claim 1, 
metal carboxylate is a metal naphthenate. 

9. The process as claimed in claim 1, 
metal carboxylate is a metal octanoate. 

10. The process as claimed in claim 1, wherein 
metal carboxylate is a metal cyclohexylcarboxylate. 

11. The process as claimed in claim 1, wherein 
organometallic compound is an alkylaluminum. 

12. The process as claimed in claim 1, wherein 
organometallic compound is a dialkylmagnesium. 

13. The process as claimed in claim 1, wherein 
organometallic compound is an alkyllithium. 

14. The process as claimed in claim 1, wherein said 
molar ratio of (2) to (3) is within the range of from 
1:02 to 1:8. 

15. The process as claimed in claim 1, wherein the 
pressure of said hydrogen is less than 50 atms. 

16. The process as claimed in claim 1, wherein said 
conjugated diene polymer is a styrene-butadiene co 
polymer. 

17. The process as claimed in claim 1, wherein said con 
jugated diene polymer is a polybutadiene. 

18. The process as claimed in claim 1, wherein said 
conjugated diene polymer is a polyisoprene. 

19. The process as claimed in claim 1, wherein said 
viscosity is within the range of from 1 to 2,000 poises. 

20. The process as claimed in claim 1, wherein said 
?-ketone is acetylacetone. 

21. The process as claimed in claim 1, wherein said 
?-lketone is ethylacetoacetate. 

22. The process as claimed in claim 1, wherein said 
,8~hydroxycarbonyl compound is salicycaldehyde. 

23. The process as claimed in claim 1, wherein said 
alkylaluminum is triethylaluminum. 

24. The process as claimed in claim 12, wherein said 
dialkylmagnesium is diethylmagnesium. 

25. The process as claimed in claim 13, wherein said 
alkyllithium is n-butyllithium. 

wherein said 
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